Objective: A longitudinal prospective case control study was organized to explore the relationships between glomerular filtration rate (GFR), renal resistive index (RRI) and blood pressure values in a non-dialysis dependent adult population affected by chronic kidney disease and exposed to low systolic blood pressure (SBP) values. Material and methods: The study sample (54 patients: 31 males and 23 females with an average age of 61.7 ± 19.2 years) was randomly selected from a population of adult non-dialysis dependent patients that scored a SBP < 100 mmHg at the medical examination. The patients were equally divided in two groups defined by the presence and absence of chronic kidney disease, (i.e. a GFR less or greater than 60 ml/min/1.73 m 2 , respectively). Patients were submitted to a full therapeutic and dietetic intervention to correct the hypotension until reaching a steady SBP > 100 mmHg. Results: In the group with chronic renal disease, the comparison between the data recorded with SBP < 100 mmHg (t0) and those detected with SBP ≥ 100 mmHg (t1) showed a statistically significant decrease of serum creatinine as well as an increase of GFR (mean serum creatinine t0 -serum creatinine t1: 0.194 ± 0.35, p < 0.01; mean GFR t0 -GFR t1: -4.615 ± 8.8, p < 0.013). There was also a statistically significant reduction of the RRI (mean right kidney RRI t0 -mean right kidney RRI t1: + 0.082 ± 0.03, p < 0; mean left kidney RRI t0 -mean left kidney RRI t1: 0.076 ± 0.03, p < 0). Conclusion: We concluded that, in CKD, when aorta is stiffed, a decrease of SBP can limit the renal perfusion that, in this condition, is mostly dependent by stroke volume, causing an increase of RRI and a decrease of GFR that we suppose as reversible with the restoration of SBP.
KEY WORDS: Longitudinal prospective case control study; Chronic kidney disease; Renal Doppler ultrasonography; Renal resistive index; Low systolic blood pressure. index of renal disease progression) and reduction of systolic blood pressure (SBP) (1) . While it is known what should be the normal range for resistance indices (0.47-0.70) (2) , the same cannot be said about the ideal thresholds for arterial pressure. In this regard, although there is consensus in setting a target for blood pressure lower than 140/90 mmHg for most individuals, according to some Authors the achievement of blood pressure values lower than 130/80 mmHg could guarantee an improvement of the clinical outcome compared to the 140/90 mmHg threshold in adults with chronic kidney disease (3, 4) . However, there is no consensus on what may be a minimum threshold for the same blood pressure and this despite it being well known how damage can occur if intensive blood pressure treatment is implemented in patients with chronic renal failure (3) . In particular, in a cohort of over 650.000 American veterans suffering from chronic kidney disease, patients who had an "ideal" blood pressure (< 130/80 mmHg) showed an increase in mortality due to the inclusion in this group of individuals with low systolic and/or diastolic arterial values. This association was confirmed both in diabetics and in non diabetics, or in those who had microalbuminuria or not (5) . We organized a longitudinal prospective case control study with the intent to explore the relationships between renal function, renal resistive index (RRI) (used as a monitoring tool) and blood pressure values in a nondialysis dependent adult population affected by chronic kidney disease and exposed to reduced systolic blood pressure values (SBP < 100 mmHg).
MATERIALS AND METHODS
A longitudinal prospective case control type study was planned. The study sample (54 patients: 31 males and 23 females with an average age of 61.7 ± 19.2 years) was randomly selected from a population of adult non-dialysis dependent patients attending the outpatient nephrology clinic of San Donato Hospital in Arezzo that scored a systolic blood pressure < 100 mmHg at medical examination. The study population was initially affected by hyperten-
INTRODUCTION
Recently it has emerged that in a non-dialysis dependent population suffering from chronic kidney disease (CKD) and subjected to conventional therapeutic and dietary treatment there is a statistically significant correlation between reduction of renal resistive index (RRI) (which if high, i.e. ≥ 0.7, represent an unfavorable prognostic sion and/or diabetes mellitus and/or chronic glomerulonephritis with or without chronic kidney disease or albuminuria. Patients with obstructive uropathy, acute glomerulonephritis, tubulointerstitial renal diseases, renal artery stenosis and malignant disease were excluded. Pregnant women and children were also excluded. The total number of patients was selected to be equally divided in two groups defined by the presence (case) and absence (control) of chronic renal disease, defined by a glomerular filtration rate (GFR) less or greater than 60 ml/min/ We recorded any data about the therapeutic and dietary treatment of the patients with special regard to the use of drugs that may interfere with the RRI determinations such as angiotensin II receptor blockers (ARBs) or angiotensin converting enzyme (ACE) inhibitors and beta blockers and the use or not of an hyposodic, hypoproteic, hypoglicemic as well as hypocaloric diet. Then the patients were submitted to a full therapeutic and dietetic intervention to correct the hypotension by a reduction of dosage or removal of hypotensive drugs. After a variable interval period, depending from the time necessary to recovery a steady systolic blood pressure > 100 mmHg for on average one year, patients were submitted again to a new medical examination comprehensive of the recording of weight and clinic blood pressure values with the same modalities above mentioned.
Values of serum creatinine, glycated hemoglobin and 24-hour urinary albumin excretion were collected again and a new renal Doppler ultrasonography was carried out by the above mentioned nephrologist experienced in ultrasound investigation by using the same ultrasound device. All data relating to the therapeutic and dietary treatment used by the patients were recorded again.
Statistical analysis
Descriptive statistics included mean and standard deviation for quantitative data, and frequency count and percentage for qualitative data. For quantitative variables, groups were compared with the Student t test for unpaired data or the Mann-Whitney rank test, respectively depending on the normal or non-normal distribution of population data. The normality was assessed by applying the Kolmogorov-Smirnov test to sample data.
Comparisons between t0 and t1 were made using the Student t test for paired data or the Wilcoxon rank test for normal or non-normal data respectively. For dichotomous qualitative variables, frequency counts between groups were compared using the Fisher exact test applied to 2 x 2 contingency data. A statistical significance level of 95% was chosen for all statistical analyses (p < 0.05) that were performed using SPSS software, version 10.
RESULTS
Considering the two groups with GFR < 60 and GFR ≥ 60 ml/min/1.73 m 2 separately, within the group with GFR < 60 ml/min/1.73 m 2 , the comparison between the data recorded with systolic blood pressure (SBP) < 100 mmHg (t0) and those detected with SBP ≥ 100 mmHg (t1) showed that, passing from time 0 to time 1, there was a statistically significant increase of body weight (BW) (mean BWt0 -BWt1: -1.428 ± 3.2; p < 0. 04), although the clinical significance of this observation was not very relevant as it was about 2%. A statistically and clinically significant decrease of serum creatinine as well as a statistically and clinically significant increase of the glomerular filtrate rate was observed (mean creatinine t0 -creatinine t1: 0.194 ± 0.35; p < 0.01; equal to a reduction of approximately 11%; mean GFR t0 -GFR t1: -4.615 ± 8.8, p < 0.013, equal to an increase of over 12%). A statistically and clinically significant decrease of the renal resistive index (RRI) was also observed (mean right kidney RRI t0 -mean right kidney RRI t1: + 0.082 ± 0.03, p < 0, equal to a 10.8% reduction. Mean left kidney RRI t0 -mean left kidney RRI t1: 0.076 ± 0.03, p < 0, equal to a reduction of 10.2%).
Comparison for paired data also identified a statistically significant reduction of the glycated hemoglobin data, to which, however, given the small number of diabetics on the total (6 out of 27 equal to about 22% of the total), it was not possible to attribute a clinical relevance. Within the control group (GFR ≥ 60 ml/min /1.73 m 2 ) there was no statistically significant variation between times t0 and t1 except, of course, the increase in the arterial pressure values (systolic and diastolic), a finding that was also found in the cases (GFR < 60 ml/min /1.73 m 2 ) confirming the respect of the working hypothesis. Finally considering the two groups together, the comparison for all the variables between time zero and time 1 confirmed a statistically significant increase of body weight as well as a statistically significant decrease in serum creatinine levels and a statistically significant reduction of the intrarenal arterial resistance indices of the right kidney and of the left kidney. In the comparison for paired data a statistically significant reduction of glycated hemoglobin was found for the entire population such as , both for the two groups separately. The comparison of data from the two groups for all the variables, confirmed the quality of the above exposed observations by detecting a significant difference between groups for creatinine at both time intervals, GFR at both time intervals, right kidney RRI and left kidney RRI at time 0 as well as right kidney diameter and left kidney diameter at both time intervals.
DISCUSSION
A unique feature of the kidney is that it is continually and passively perfused at high volume flow throughout systole and diastole. Its vascular resistance is very low so that in comparison to other vascular beds resistance is closer to input and characteristic impedance (7) . It is therefore susceptible to upstream influences that may increase fluctuations of pressure and flow, whereas small vessels in other organs are protected by relatively intense vasoconstriction upstream (7) . In patients with chronic kidney disease (CKD) and endstage renal disease (ESRD) all epidemiological studies have clearly shown that an accelerated arterial and cardiac aging by atherosclerosis is characteristic of these populations. Atherosclerosis is a generalized arterial disease of the arterial intima characterized by the presence of plaque and occlusive arterial lesions. The functional consequence of these structural alterations is hardening/sclerosis of vessel walls (arteriosclerosis) and loss of compliance, that is increased stiffness. When the arterial premature aging involves the aorta it stands out for an aortic stiffening and for the disappearance of stiffness/impedance gradients between the central and peripheral arteries. These changes have a double impact: on the heart, upstream, with high systolic and pulse pressures and decreasing diastolic pressure, increased cardiac afterload and arterial circumferential stress. All these factors promote left ventricular hypertrophy (LVH) which may evolve toward heart failure. Downstream, on renal and brain microcirculation, with decrease in glomerular filtration and cognitive functions (8) . Proof of all this is the fact that strong associations between aortic stiffness and indicators of renal dysfunction (glomerular filtration rate and microalbuminuria) have been described such as with cognitive impairment and dementia besides (as previously mentioned), left ventricular hypertrophy and left ventricular dysfunction (8) . Physiologically, the higher compliance of the aorta coupled with a progressively lower compliance in peripheral vessels creates a "stiffness gradient" that works as a "hydraulic filter" and acts to buffer pressure pulsations and their transmission to microcirculation and capillary network (principally in the main parenchymal organs such as the kidney and the brain). The more distensible the arterial wall (that is, the lower the stiffness) the smoother the provision of proper flow to peripheral tissues. When the aorta is rigid and cannot be stretched, the entire stroke volume flows through the arterial system and peripheral tissues only during systole with two consequences: intermittent flow and short capillary transit time with reduced metabolic exchanges (9). Therefore we believe that, in such a condition, a reduce of the systolic arterial blood pressure, such as a SBP < 100 mmHg, can further and definitely limit the renal perfusion that is already damaged by lacking of a proper aortic buffer. About the Doppler renal Resistive index (RRI) described by Pourcelot (10) ((peak sistolic velocity-end diastolic velocity)/peak sistolic velocity) we observe that RRI is a traditional index used as a measure of vascular resistance. A value of 0.60 is considered as a normal value for renal RRI, whereas 0.70 is usually considered the upper threshold of normal RRI in adults. Several factors have been described to influence Doppler renal arterial waveform and therefore the RRI as renal vascular compliance, central hemodynamics (especially arterial stiffness, blood pressure and heart rate), and other factors including age, underlying acute or chronic renal disease and drugs too (11) . In this regard it is known that RRI decreases with use of renin angiotensin system (RAS) inhibitors, due to hemodynamic changes induced by these antihypertensive agents (12) while RRI, significantly and independently, increased with use of beta-blockers (13).
In the setting of an acute kidney injury the first clinical application of RRI was the detection of renal obstruction because renal vasoconstriction is believed to be a key factor in the pathophysiology of acute kidney obstruction. Platt et al had proposed that an RRI ≥ 0.7 was in favor of an acute renal obstruction and may precede pyelocalicectasis (14) . Afterwards in 91 patients with acute kidney injury (AKI), Platt et al. demonstrated that mean RRI was significantly higher in patients with persistent AKI than in patients with transient AKI (15) . Lastly in a small number of patients with septic shock, Deruddre et al. have shown a significant decrease in renal RRI when increasing mean arterial pressure (MAP) with norepinephrine from 65 to 75 mmHg. This study suggests that Doppler renal ultrasound may help to determine in each patient the optimal MAP for renal tissue perfusion and may be a relevant end point to titrate the hemodynamic treatment in septic shock (16) . Accordingly, we believe that RRI may be used as a noninvasive and repeatable tool to assess changes in renal perfusion and it may be useful to determine the optimal therapeutic/preventive modalities for kidney perfusion at the bedside (11) .
CONCLUSIONS
On the basis of all the above mentioned, we therefore believe that, when in CKD the aorta is stiffed and cannot be stretched, a decrease of the systolic arterial blood pressure, even temporary, can limit the renal perfusion that, in this condition, it is mostly (or entirely) a function of the stroke volume, causing an increase of the RRI and a reduction of the glomerular filtration rate as proven by this paper. This scientific work shows that reduced systolic arterial pressure values (i.e. SBP < 100 mmHg) have an effect of worsening of renal function only when there is already a pre-existent significant impairment of the GFR (such as a GFR < 60 ml/min/1.73 m ^ 2) and not when a similar kidney damage is not present. However we believe that, since this decrease in renal function is a function of reduced systolic arterial pressure values, the restoration of the systolic pressure may recover the decrease of renal function that therefore can be considered reversible. These observations appear congruent with what has already been reported by Judd et al. and Kovesdy et al. (3, 5) who, inspired by the association of low arterial pressure values with an increase in mortality, warns that "lowering SBP to the strict limits recommended by current guidelines (i.e. SBP < 130 mmHg or even lower) in patients with CKD (at the expense of lowering DBP below approximately 70 mmHg) may be deleterious". Above all, the data of this study are fully supported by the results of the SPRINT trial (17) which showed as an intensive blood pressure control (i.e. SBP < 120 mmHg) produces a significant cardiovascular benefit in high-risk patients with hypertension at the price of an higher risk of hypotension, syncope, and accelerated reductions in GFR.
In fact in the SPRINT trial, acute kidney injury or acute renal failure occurred more frequently in the intensively treated group than in the standard-treated group and the Authors of this trial believe that the differences in adverse renal outcomes may be related to a reversible intrarenal hemodynamic effect of the greater reduction in blood pressure. Furthermore the Authors of the SPRINT trial, as the Authors of the present paper, believe that with the currently available data, there is no evidence of substantial permanent kidney injury associated with a treatment with the goal of lower systolic blood-pressure although the possibility of a long-term adverse renal outcome cannot be excluded (17).
